. Principle of the CLiC device; Related to Figure 1 (A) Microfluidic device at different scales. Images taken with a confocal microscope showing the silicon wafer patterned with SU-8 photoresist. Left panel: the inlet/outlet for cell loading is perpendicular to the inlet/outlet for media perfusion. Middle panel: array of cell trapping areas connected by media flow channels. Right panel: Trapping areas and cavities. Cavities with different widths (6 and 10 µm) were designed to investigate potential deleterious effects of the cavity geometry on cell survival.
. Principle of the CLiC device; Related to Figure 1 (A) Microfluidic device at different scales. Images taken with a confocal microscope showing the silicon wafer patterned with SU-8 photoresist. Left panel: the inlet/outlet for cell loading is perpendicular to the inlet/outlet for media perfusion. Middle panel: array of cell trapping areas connected by media flow channels. Right panel: Trapping areas and cavities. Cavities with different widths (6 and 10 µm) were designed to investigate potential deleterious effects of the cavity geometry on cell survival.
(B) Colonization of the CLiC device by proliferating cells. Time-lapse sequence of phase-contrast images acquired at the indicated time points showing cells immediately after loading and as they proliferate to fill the cavity. Cells present at t = 0 were loaded via the device loading channels. Scale bar = 4 µm.
(C-D) Diagram of the orientation of cells in the CLiC device. When the mother cell starts budding towards the cavity exit (red arrow, C), the axial budding pattern of haploid cells ensures that successive buds are produced in the direction of the cavity exit. If the initial bud orients towards the cavity tip (D), a newborn cell will bud adjacent to its birth scar and hence towards the cavity exit. (A) Graphical display of cell trajectories after alignment from cell birth. Each horizontal line corresponds to a single mother cell, and each segment along the line indicates one cell cycle. The color-coding shows the duration of the cell cycle. The bottom row displays the average trajectory when all the single-cell data for each segment are pooled (i.e., the vertical line). (B) Mean cell cycle duration and coefficient of variation (CV) when the trajectories are synchronized with birth; (C) Same as (A), except the cell trajectories are aligned from death, as reported earlier (Xie et al., 2012) . (D) Same as (B), but with synchronization with death; (E) Cell cycle trajectories aligned with respect to the cell cycle crisis (SEP; vertical black bar), as proposed in this study. (F) Same as (B), but with synchronization with respect to the SEP; (G) and (H) Same as (E) and (F), but using microdissection instead of microfluidics data. Figure S5 . Correlation between preCox4-mCherry and DiOC6 fluorescence; Related to Figure 3 (A) Sample picture showing phase contrast (left), DiOC6 (middle) and preCox4-mCherry fluorescence in a population of exponentially growing cells. Cells carrying a preCox4-mCherry marker were grown in synthetic medium then were transferred to a glass coverslip with a 2% agar pad containing 200nM DiOC6 and allowed to grow for 2-3 generation before snapshots were taken (7 z-stacks were shot with 0.6 micron-spacing; Quantification was made after maximum projection). Scale bar = 4 microns; (B) Correlation between mean fluorescence levels of DiOC6 and preCox4-mCherry. Each dot corresponds to a single cell (n=219). Coeffcient of correlation was found to be 0.62. Numbers indicate the median ± SE of the corresponding distributions. Statistical differences were tested using a standard logrank test (p value is indicated).
Supplemental tables:
Strain name Supplemental movie legends:
Movie S1. Successive divisions of a single CLiC cell in the microfluidic device (cell displayed in Figure   1B ).
Movie S2. Example of a mother cell that experiences a decline in ΔΨ (cell displayed in Figure 3A ).
Movie S3. Example of a mother cell with no decline in ΔΨ (cell displayed in Figure 3B ).
Movie S4. Clonal senescence following loss of ΔΨ in mother cell (cell used in Figure 5C ).
Movie S5. Rejuvenation of the lineage generated by a mother cell with no loss of ΔΨ (cell displayed in Figure 5D ).
Movie S6. Oscillations in the mean mitochondrial level of Tom70-GFP in a post-SEP mother (cell displayed in Figure 6B ). 
Extended Experimental Procedures

Design and use of the microfluidic device
Microfabrication and chip fabrication
The microfluidic mold used to make PDMS chips was generated using standard contact lithography techniques. The CAD file used to make the mold is available upon request. The design was converted into a mask on a polymer substrate using high-resolution (50,000 dpi) printing (Selba, Switzerland). To create a negative mold, the pattern was transferred onto a 7.5cm silicon wafer in two steps. A 3.3-µm-thick layer of SU-8 2005 photoresist (Laurell Technologies Corp, USA) was spun using a spin coater, with UV exposure, baking, and development according to the manufacturer's recommendations. Then a 40-µm-thick layer was overlaid using SU-8 2025 photoresist to create the supply channels. Alignment of the different layers of SU-8 was performed using a mask aligner (Karl Süss, Germany). To make the chip, the PDMS and curing agent were mixed in a 10:1 ratio, degassed in a vacuum pump for 15 min, and poured into a glass Petri dish containing the wafer. The PDMS was cured according to the manufacturer's recommendations, allowed to cool, and carefully peeled from the mold using a scalpel. Holes were punched in the chip using a biopsy puncher (1.5 mm, Harris Unicore, USA) and then the chip was sealed on a 24 × 50 mm #1 glass coverslip using plasma cleaner surface activation (Diener Electronic, Germany).
Principle of the CLiC device and cell loading procedure
The central imaging area containing the cell traps is connected to supply channels parallel to the traps and perpendicular loading channels to force flow through the traps ( Figure S1 ). Medium was filtered immediately before the experiment using standard 0.22-µm syringe filters to exclude dust and to airsaturate the medium, and the device was primed with this medium. An aliquot of 2.5 ml of cell suspension (OD 600 of 0.5) was drawn into a 5 ml syringe, and cells were loaded into the device by applying very gentle pressure to the syringe. This procedure ensured minimal mechanical stress and avoided the preferential selection of abnormally large cells that might become trapped at high pressures. A minimum of five cells was loaded into each trapping area to minimize potential founder cell effects. After loading, the loading channels were rinsed for 1 h at the same flow rate used for subsequent operation of the device (25 µl/min) and then sealed. During the initial growth phase, the cells populated the trapping area will push one cell to the tip of the cavity. Occasionally, we observed either a switch in the budding pattern or a rotation of the mother cell of interest, which caused the mother cell to be pushed out of the cavity by its successive daughters. Therefore, we managed to track the full lifespan of more than 65% of all cells initially present in the cavity, and even cells that left the cavity could be observed for a substantial part of their life. Additionally, this phenomenon enabled us to monitor the long-term fate of the successive daughters of an aging mother that had left the cavity (see Figure 5 ). By definition, the cell of interest (CLiC cell) is born in the trapping area, which is an advantage over the previously published techniques (Lee et al., 2012; Xie et al., 2012) . By starting the experiment with a population of virgin daughters, we eliminated an unwanted source of cell-to-cell variability. Cavities with different widths (6 and 10 µm) were designed to investigate the effects of cavity geometry on cell survival. No differences were observed (not shown).
Media diffusion through the CLiC device
Cells in the CLiC device had normal cell cycle durations and replicative lifespans, indicating that the device did not affect cell physiology. To confirm that media diffusion through the CLiC device was sufficient to ensure optimal growth conditions at the tip of the cavity, we performed fluorescence recovery after photobleaching (FRAP) experiments to measure the kinetics of diffusion of small molecules in the CLiC chambers ( Figure S4 ). Figure S4B ; green line). In contrast, the t 1/2 for fluorescence recovery at the tip of the cavity was 3.1s ( Figure S4B , red line). We interpreted this as the time required to replace the volume of medium within the trapping area.
To test whether this rate of medium exchange was sufficient to supply nutrients to all cells in the trapping area, we compared it to the glucose intake rate for a population of cells growing in a test tube under standard conditions. This calculation was made as follows: 1 ml of a saturated culture of yeast chamber is ~2 × 10 -4 µl/min, which is an order of magnitude higher than the minimal flow rate to ensure adequate cell feeding.
Replicative lifespan assays (microdissection)
RLS assays were conducted as previously described (Kennedy et al., 1994) . Frozen cells were thawed on YPD agar plates at 30°C. Two days before the experiment, the cells were transferred to SC agar plates and colonies were allowed to grow overnight at 30°C. The following morning, the plate was transferred to room temperature, and a few cells were streaked onto fresh SC agar plates. The plates were sealed with Parafilm and kept at room temperature overnight. The next morning, single cells were isolated from the growing colony using a dissection microscope (Singer MSM 400). Each cell was then allowed to divide, and the mother cell was removed to follow the lifespan of virgin daughter cells. Cells were monitored for division every 90 min and the daughter cells counted. Between time points, the plates were re-sealed and maintained at 30°C during the day or placed at 4°C overnight.
Time-lapse imaging protocol
Cells were imaged using an inverted microscope (Zeiss Axio Observer Z1, Germany), with constant focus maintained using commercial focus stabilization hardware (Definite focus). Wide-field epifluorescence illumination was achieved using an LED light source (precisExcite, CoolLed), and light was collected using a 100× N.A. 1.4 objective and an EM-CCD Luca-R camera (Andor). The camera was triggered on the precisExcite module using a TTL signal. We used an automated stage that allowed us to follow up to 60 positions in parallel over the course of the experiment. We built a custom sample holder with thermoelectric modules and an objective heater to maintain the chip at 30°C during the experiments (Charvin et al., 2008) .
To minimize fluorescence illumination, images were acquired every 10 min. Custom Matlab software was used to drive the hardware used in the acquisition process (pump, microscope, heater, camera, illuminator). Cells were monitored for up to 800 frames, which represents 130 h of continuous image acquisition.
Mathematical model for petite formation in aging cells
We designed a simple numerical model to simulate the emergence of the petite phenotype within a population of aging cells. The model assumes a population of 1000 cells is followed over successive divisions, starting with newborn cells. The probability density, q, of dying between division n and n + 1 increases quadratically with replicative age: q = q 0 × n 2 , where q 0 is a constant (Gillespie et al., 2004) .
At each generation, some cells are randomly selected within the population according to this probability and set as dead. The process is repeated until all cells are dead. Fitting the numerical distribution of survival according to this model agrees well with the experimental data when q 0 = 3 × 10 -4 ( Figure 4B ).
Next, we formed two models for the emergence of the petite phenotype. In the first, we hypothesized that cells randomly become petite according to Poisson statistics, with p being the probability of such an event per generation. The value of p not only sets the timescale for the emergence of the petite phenotype in the population, but also the repartition of the population of petite and grande cells at the end of the lifespan. For instance, with p = 0.03, only ~40% of the total cell population become petite during their lifespan (of those, ~50% become petite after six generations) ( Figure 4C ). This is because a large fraction of cells die before the petite phenotype emerges.
In the second model, we hypothesized that the emergence of the petite phenotype is age-dependent.
Therefore, we assumed that the probability density, p(n), of becoming petite between division n and n + 1 is proportional to q: p(n) = α q(n), where α is a constant.
Calculation of the probability of petite formation from plating assays
Scoring the fraction of petite colonies on a plate is a straightforward assay that provides information about the spontaneous loss of mitochondrial DNA (mtDNA) and/or function (Dimitrov et al., 2009 ). We performed a calculation to estimate the probability of mtDNA loss per generation from experimental measurements of the fraction of petite colonies in a specific strain and the specific growth rate of cells of the petite and grande phenotypes.
To this end, we assumed that the growth of grande and petite cells (G and P, respectively) is exponential with growth rates of µ G and µ P , respectively. Assuming a first order process, k is the kinetic constant associated with the switch to petite. The dynamics of emergence of the two populations of cells is therefore as follows:
Integration of this system of linear ordinary differential equations yields:
where G 0 and P 0 are the initial concentration of grande and petite cells, respectively. Assuming that the cells are allowed to grow over a period much longer than their doubling time (i.e., if t >> ln(2)/(µ Gk), ln(2)/µ p ), and hypothesizing that µ G -k > µ p (which is necessary to prevent overgrowth of the grande cell population by petite cells), the fraction of petite cells R is given by:
Therefore, the probability p of switching to the petite phenotype per generation is given by: Table S1 summarizes the results obtained for p based on the measurements of R, µ G , and µ P for different strains. The following sections provide a brief description of the image processing steps used to analyze the data in this study.
Time-lapse image processing
The GUI allows the display of sequences of images acquired at multiple times with several imaging methods (e.g., phase-contrast and several fluorescence channels). Viewing modes are fully customizable. The GUI also displays contours of cells and/or organelles detected using any segmentation engine (see below). Thus, the user can visually control the segmentation and tracking routines and can efficiently perform manual corrections if necessary.
Cell segmentation algorithm
Cell contours were segmented using a modification of the watershed algorithm. In brief, the raw image was thresholded to provide a binary image. This was used to compute the 'distance transform', which generates the topographic basins required for the watershed algorithm. Cell contours could easily be delineated from the cell masks returned by the watershed program.
Cell tracking
Cell contours obtained at frame n were mapped to contours of frame n + 1 by optimizing the global costs associated with the change in contour position and cell size using the Hungarian method for assignment. As a result, a specific number was assigned to each cell that appeared during the timelapse sequence.
Determination of cell parentage
To facilitate the mother/bud assignment, we developed a routine that determines the parentage of newborn cells. This routine exploited the information provided by budneck markers, which significantly improved the success of parentage determination.
Mitochondrial contour segmentation
Mitochondrial contours were based on Tom70-GFP fluorescence after thresholding the signal.
Although a single focal plane image does not allow the complex 3D architecture of the mitochondrial network to be reconstructed, it is sufficient to score the mean level of fluorescence of mitochondrial markers. 
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